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Abstract

Background Bone-modifying agents are effective for
treatment of breast cancer patients with bone metastases.
Since their action is mediated through suppression of the
osteoclast function, their efficacy can be determined by
monitoring bone turnover markers. However, the clinical
significance of these markers is yet to be compared.
Methods For this study, 52 breast cancer patients with
bone metastases treated with zoledronic acid (n = 36) or
denosumab (n = 22) were enrolled (6 patients were treated
sequentially with both agents). Serum tartrate-resistant acid
phosphatase-5b (TRACP-5b), pyridinoline cross-linked
carboxyterminal telopeptide of type I collagen (1CTP),
N-terminal cross-linking telopeptides of type I collagen
(NTX) and bone-specific alkaline phosphatase (BAP) were
measured at pretreatment and 1, 3 and 6 months after
treatment.

Results Serum  TRACP-5b  (p < 0.0001), NTX
(»p = 0.0007) and BAP (p = 0.0032) decreased signifi-
cantly after treatment. The baseline median value of
TRACP-5b  (457.5 mU/dL, range 173-1630 mU/dL)
decreased to 137 mU/dL (91-795 mU/dL) 1 month after
treatment. Reduction in serum NTX and BAP was greatest
after 3 and 6 months, respectively. TRACP-5b, NTX and
BAP were above normal levels at baseline in 62.5, 25 and
35.3 % of patients, respectively, and nearly 80 % of these
patients attained normal levels during the treatment.
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Conclusions Although bone-modifying agents reduced
the baseline levels of TRACP-5b, NTX and BAP signifi-
cantly, the reduction patterns differed. TRACP-5b appears
to affect levels most quickly and sensitively, possibly due
to its direct link to the number and activity of osteoclasts.
These findings suggest that the efficacy of TRACP-5b is
clinically significant when considering which bone-modi-
fying agents to use for breast cancer patients with bone
metastases.
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Introduction

Bone metastases are most common in patients with primary
metastatic or recurrent breast cancers and usually cause
disability and morbidity accompanied by pain and neuro-
logical disorders [1-3]. In clinical settings, the disability is
assessed in terms of skeletal-related events (SREs), which
include pathogenic fractures, spinal cord compression, the
need for palliative radiation therapy for bone, and hyper-
calcemia of malignancy [4]. Bone-modifying agents,
including bisphosphonates and denosumab, have therefore
been developed for the treatment of bone metastases and
their efficacy for these SREs has been established. The key
effects on SREs induced by bone-modifying agents are
identified by determining the degree of suppression of
osteoclast function.

According to a 2012 Cochrane systematic review, bis-
phosphonates including zoledronic acid have been used
most frequently for breast cancer patients with bone
metastases [5]. It was reported in this review that bispho-
sphonates significantly reduced the incidence and rate of
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SREs [risk ratio (RR) 0.85; 95 % confidence interval (CI)
0.77-0.94; p = 0.001] as compared to the control.
Although this reduction is likely to be observed irrespec-
tive of the agent, RR of zoledronic acid was as small as
0.59. In addition, denosumab, a fully human antibody tar-
geting the receptor activator of the nuclear factor-kappa B
(RANK)-ligand, which disrupts activation of osteoclasts,
has also been developed for the treatment of bone metas-
tases [6]. In a randomized double-blind study involving
2046 breast cancer patients with bone metastases, time to
first and subsequent SREs was significantly better for the
denosumab than for the zoledronic acid group [hazard ratio
(HR) 0.82; 95 % CI 0.71-0.95; p = 0.01] [7].

Although the effects of bone-modifying agents are evi-
dent, biomarkers for monitoring of treatment efficacy of
these agents for bone metastases are yet to be established.
Since breast cancer metastasis in the bone promotes turn-
over of bone remodeling, thus constituting a vicious cycle
[8], changes in the biomarkers are well known to be linked
with existing bone metastases [9, 10]. It has also been
reported that bone turnover marker levels, including those
of deoxypyridinoline (DPD), N-terminal cross-linking
telopeptides of type I collagen (NTX), pyridinoline cross-
linked carboxyterminal telopeptide of type I collagen
(1CTP) and bone-specific alkaline phosphatase (BAP),
correlate with the number of skeletal segments with
metastatic disease [11]. Since these findings suggest that a
correlation exists between the level of a bone turnover
marker and extent of disease in the bone, bone turnover
markers seem to have a significant prognostic value. In
support of this notion, Ali et al. reported that elevated
serum NTX levels (>26 nM BCE) were related to a shorter
time to progression (TTP) [odds ratio (OR) 1.76;
p = 0.0008] and overall survival (OS) (OR 1.71;
p = 0.003) of breast cancer patients with bone-only or
bone plus soft tissue metastasis [12]. Similarly, the prog-
nostic values of NTX as well as BAP levels at baseline
were demonstrated for solid tumors including breast cancer
[13-16]. Interestingly, a normalized NTX group after a
3-month treatment with zoledronic acid for bone metas-
tases of breast cancers had significantly lower risk for a
first SRE, a first fracture or surgery to bone or death as
compared to a group of persistently elevated urinary NTX
[4]. Consistent with this report, normalization of urinary
NTX during treatment with zoledronic acid or pamidronate
for 3 months of 578 breast cancers was found to correlate
with improved OS [17]. These results indicate the signifi-
cance of NTX levels for breast cancer patients with bone
metastases, not only at baseline, but also of the changes in
these levels during treatment with bone-modifying agents.
They also strongly suggest that monitoring bone turnover
markers is clinically useful, not only for predicting prog-
nosis but also for determining treatment efficacy.
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Tartrate-resistant acid phosphatase-5b (TRACP-5b) has
recently become clinically available as a new marker of
bone resorption [18, 19]. In contrast to other markers which
indirectly reflect bone turnover status, serum TRACP-5b, a
proteolytically cleaved subunit derived from osteoclasts,
has been established as a direct marker showing osteoclast
number and activity. This marker is thus expected to be
more sensitive and specific than other markers for breast
cancer patients with bone metastases [20, 21].

However, the issue as to which bone turnover marker is
clinically most useful to indicate the frequency of abnormal
elevation in relation to time course as well as rate of nor-
malization during the treatment with bone-modifying
agents remains unresolved. Since a novel assay of TRACP-
5b was established and has recently become clinically
available [22], we have investigated bone resorption
markers including 1CTP, NTX and TRACP-5b as well as a
bone forming marker BAP, by focusing on the time course
during the treatment with bone-modifying agents, to
compare the significance of these markers as indicators of
treatment efficacy.

Patients and methods
Eligible patients and treatments

For this retrospective study, 52 breast cancer patients with
bone metastases from Hyogo College of Medicine were
recruited, comprising patients with primary metastatic
cancers (n = 17) and recurrences (n = 35), who were
treated with bone-modifying agents between July 2008 and
November 2014. Zoledronic acid and denosumab were
administered as first bone-modifying agents to 36 and 16
patients, respectively. For six patients, denosumab was
used as the second bone-modifying agent after zoledronic
acid, and data for zoledronic acid and denosumab treatment
outcomes were calculated separately. Zoledronic acid
(4 mg intravenously) and denosumab (120 mg subcuta-
neously) were administered to patients every 3-4 weeks
and every 4 weeks, respectively. These patients were
32-84 years old (median age 61) and male breast cancer
patients were excluded. All bone metastases were diag-
nosed using whole-body bone scintigraphy or 2-[(18)F]-
fluoro-2-deoxy-p-glucose positron emission tomography
(FDG-PET) followed by confirmation with magnetic res-
onance imaging. Chemotherapy (n = 22), endocrine ther-
apy (n = 32), everolimus plus exemestane (n = 2) or
trastuzumab (n = 1) were also administered in combina-
tion with bone-modifying agents as clinically required. One
patient received only bone-modifying agent without other
treatment for breast cancer. Zoledronic acid was changed
to denosumab for six patients due to SRE.
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Blood tests for the tumor markers carcinoembryonic
antigen (CEA) and carbohydrate antigen 15-3 (CA15-3),
physical examinations and examinations of clinical symp-
toms such as pain, neurological abnormality and disorder
of movement were performed at 1- to 3-month intervals,
when the patients visited our hospital. Serum levels of bone
turnover markers including 1CTP, NTX, BAP and
TRACP-5b were determined at baseline, and at 1, 3 and
6 months after treatment with bone-modifying agents.
ICTP, NTX and BAP were examined between July 2008
and March 2014, while TRACP-5b was measured between
September 2013 and November 2014. This study was
approved by the Ethics Committee of Hyogo College of
Medicine (No. 1969).

Assay of bone turnover markers

Serum 1CTP, NTX, BAP and TRACP-5b were measured
at SRL Inc. (Tokyo, Japan). For the 1CTP assay, the two-
antibody radioimmunoassay method using a kit provided
by Orion Diagnostica Oy (Espoo, Finland) was employed
and radioactivity was determined with a y-counter (Wal-
lac1460SRL; Wallac Co., Ltd., Turku, Finland) [23].
Serum NTX levels were measured with the enzyme-
linked immunosorbent assay method using a kit provided
by Alere Medical Co., Ltd. (Tokyo, Japan) and an auto-
mated EIA system (EMS-01; Nippon Advanced Tech-
nology Co., Ltd., Ibaraki, Japan) [24]. Serum BAP was
measured with a chemiluminescence enzyme immunoas-
say method using the Beckman Access Ostase assay kit
with a UniCel DxI 800 system (Beckman Coulter K.K.,
Tokyo, Japan) [25, 26]. The serum level of TRACP-5b
was determined with an enzyme immunoassay using the
Osteolinks TRAP-5b kit provided by Nittobo Medical
Co., Ltd. (Fukushima, Japan) following a previously
described method [22].

The normal ranges of serum 1CTP, NTX and TRACP-
5b were defined as 0-4.5 ng/mL, 7.5-16.5 nmol BCE/L
and 120-420 mU/dL, respectively. The normal range of
BAP was set at 2.9-14.5 pg/L for premenopausal and at
3.8-22.6 pg/L for postmenopausal women. Blood samples
were obtained at baseline (before treatment with bone-
modifying agents), and subsequently 1, 3 and 6 months
after treatment.

Statistical analysis

Changes in bone turnover markers during the treatment
course were statistically analyzed with Friedman’s test.
Differences were considered statistically significant if
p < 0.05, and the JMP Pro 10 software (SAS Institute Inc.,
Cary, NC, USA) was used for all statistical analyses.

Results

Patients’ characteristics and bone turnover marker
levels according to clinical features

In this study, we collected data from 58 cases treated with
zoledronic acid or denosumab in 52 breast cancer patients
with bone metastases. The clinical characteristics of these
52 patients and baseline levels of bone turnover markers in
each clinical feature are shown in Table 1. A total of 17
primary advanced and 35 recurrent breast cancers were
included. Half of these patients had bone-only metastasis
and 14 and 38 patients had single and multiple bone
metastases, respectively. Out of 52 breast cancers, 43
(82.7 %) were estrogen receptor-positive and 42 out of 51
breast cancers (84.0 %) were human epidermal growth
factor receptor 2-negative. We did not calculate significant
differences in bone turnover markers in the different sub-
sets because the number of these patients was not sufficient
for analysis.

Normalization of bone turnover markers
during treatment with bone-modifying agents

Although 15 out of 24 (62.5 %) cases showed elevated
levels of TRACP-5b at baseline, only two (8.3 %) patients
had consistently elevated TRACP-5b 1 month after treat-
ment with bone-modifying agents (Fig. 1). This suppres-
sion of TRACP-5b continued for 6 months. Similarly,
ratios for patients with elevated NTX (25.0 %) and BAP
(35.3 %) at baseline maximally decreased to 3.8 % after
3 months and 7.1 % after 6 months, respectively. On the
other hand, elevation of 1CTP levels at 58.8 % at baseline
did not change during 6 months of treatment with bone-
modifying agents.

Changes in bone turnover markers
during treatment with bone-modifying agents

Next, we analyzed changes in bone turnover markers for
each time course with the results shown in Fig. 2. TRACP-
5b at baseline (median 457.5 mU/dL, range 173-1630 mU/
dL) had decreased significantly (p < 0.0001) by 1 month
after treatment (137 mU/dL, 91-795 mU/dL) and
remained at low levels during the treatment course
(Fig. 2a). Similarly, a significant reduction was obtained
for both NTX (p = 0.0007; Fig. 2c) and BAP (p = 0.0032;
Fig. 2d). The baseline levels of NTX (16.45 nmol BCE/L,
6.1-52.2 nmol BCE/L) showed the greatest reduction
3 months after  treatment (9.55 nmol BCE/L,
6.4-56.0 nmol BCE/L) and BAP levels of baseline (14.15
pg/L, 6.4-81.3 pg/L) decreased to a maximum of 8.3 pg/L
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Table 1 Bone turnover marker levels at baseline according to clinical features in 52 breast cancer patients with bone metastases

Characteristics

TRACP-5b (n = 20)

ICTP (n = 32)

NTX (n = 28)

BAP (n = 16)

Menopausal status

Premenopausal (n = 8)

Postmenopausal (n = 44)

Stage

Primary advanced (n = 17)

Recurrence (n = 35)
Location of metastases

Bone only (n = 26)

With other sites (n = 26)

Bone metastasis sites

Single (n = 14)

Multiple (n = 38)

Estrogen receptor
Positive (n = 43)
Negative (n = 9)

Progesterone receptor

Positive (n = 33)

Negative (n = 14)
Unknown (n = 5)

HER2

Negative (n = 42)

Positive (n = 9)

393 (316-541)
491 (173-1630)

275 (173-448)
537.5 (261-1630)

335.5 (173-1630)
558 (234-1590)

319 (173-448)
541 (234-1630)

448 (173-1630)
589 (541-637)

457.5 (173-1590)
565 (352-1630)
408 (368-448)

448 (173-1590)
815.5 (261-1630)

4.4 (2.9-6.5)
5.3 (2.3-37.2)

5.3 (2.3-14.0)
5.3 (2.3-37.2)

4.75 (2.3-28.4)
5.35 (2.9-37.2)

3.5 (2.3-5.6)
5.8 (2.8-37.2)

5.1 (2.3-37.2)
6.9 (2.9-14.2)

4.2 (2.3-21.7)
5.45 (2.9-14.2)
23.4 (3.2-37.2)

16.2 (12.9-21.2)
16.45 (6.1-52.2)

19.1 (12.8-39.7)
15.0 (6.1-52.2)

16.45 (9.3-39.7)
16.15 (6.1-52.2)

16.8 (12.8-22.8)
15.8 (6.1-52.2)

16.45 (6.1-39.7)
16.9 (9.3-52.2)

16.4 (6.1-39.7)
18.8 (9.3-52.2)
23.5 (14.7-32.3)

14.2 (13.2-15.2)
17.5 (6.4-81.3)

14.2 (6.4-81.3)
17.5 (8.8-40.2)

13.2 (6.4-81.3)
15.15 (11.7-19.9)

8.8 (6.4-11.7)
19.9 (9.7-81.3)

15.2 (6.1-39.7)
12.2 (9.7-81.3)

15.2 (6.4-24.7)
12.2 (8.8-81.3)
23.5 (23.1-23.9)

Unknown (n = 1) 637
Bone-modifying agents
Zoledronic acid (n = 36)

Denosumab (n = 16)

541 (234-1090)
448 (173-1630)
Systemic treatment

Chemotherapy (n = 20) 589 (234-1630)
Endocrine therapy (n = 29) 402.5 (173-1590)
Others (n = 2) 53

None (n = 1) _

5.3 (2.3-37.2) 16.45 (9.0-39.7) 15.15 (6.4-81.3)
4.0 (3.0-14.2) 16.0 (6.1-52.2) -

5.3 (2.3-37.2) 16.45 (6.1-52.2) 14.15 (6.4-81.3)
28.4 - 31.65 (23.1-40.2)
53 (2.9-14.2) 18.8 (6.1-52.2) 14.2 (9.7-81.3)
5.3 (2.3-37.2) 15.1 (9.0-39.7) 17.5 (6.4-24.7)
3.0 12.9 -

12.0 15.0 -

TRACP-5b tartrate-resistant acid phosphatase-5b, /CTP pyridinoline cross-linked carboxyterminal telopeptide of type I collagen, NTX N-ter-
minal cross-linking telopeptides of type I collagen, BAP bone-specific alkaline phosphatase

* Median (range)

(4.7-43.5 pg/L) after 6 months. On the other hand, no
significant decrease in 1CTP levels was detected during the
experimental course (p = 0.83).

To assess the effect of systemic therapies combined with
bone-modifying agents, changes in bone turnover markers
were divided into those for the chemotherapy and endo-
crine therapy groups as shown in Fig. 3. A significant
reduction in TRACP-5b was observed in the endocrine
group (p < 0.0001, Fig. 3a). A similar reduction pattern
was also observed in the chemotherapy group, but we did
not perform statistical analysis due to the small number of
patients (n = 8). Although only NTX showed a significant
and discernible decrease in the chemotherapy group

@ Springer

(p = 0.012; Fig. 3c) and BAP in the endocrine therapy
group (p = 0.0097; Fig. 3d), the number of these groups
was small.

Serum levels of bone turnover markers at each time
point are shown separately in Table 2 after zoledronic
acid and denosumab treatment. Although only five cases
could be investigated and statistical analysis was
infeasible, TRACP-5b had decreased 1 month after
treatment with zoledronic acid, which was similar to the
reduction for those treated with denosumab. As for
1CTP, NTX and BAP, the number of patients treated
with denosumab was too small for further analysis of
the relevant data.
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Fig. 1 Frequencies of elevation
of bone turnover markers above
the upper limit of normal range
at baseline in patients after

1 month (1 M), 3 months (3 M)
and 6 months (6 M) of
treatment with bone-modifying
agents. a TRACP-5b (tartrate-
resistant acid phosphatase-5b),
b 1CTP (pyridinoline cross-
linked carboxyterminal
telopeptide of type I collagen),
¢ NTX (N-terminal cross-
linking telopeptides of type I
collagen), d BAP (bone-specific
alkaline phosphatase)

Fig. 2 Changes in bone
turnover markers at baseline and
1 month (1 M), 3 months (3 M)
and 6 months (6 M) after
treatment with bone-modifying
agents. a TRACP-5b (tartrate-
resistant acid phosphatase-5b),
b 1CTP (pyridinoline cross-
linked carboxyterminal
telopeptide of type I collagen),
¢ NTX (N-terminal cross-
linking telopeptides of type I
collagen), d BAP (bone-specific
alkaline phosphatase). Boxes
show median and quartile range
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Fig. 3 Changes in bone
turnover markers at baseline and
1 month (1 M), 3 months (3 M)
and 6 months (6 M) after
treatment with bone-modifying
agents of two patient groups:
chemotherapy (CT) and
endocrine therapy (ET).

a TRACP-5b (tartrate-resistant
acid phosphatase-5b), b 1CTP
(pyridinoline cross-linked
carboxyterminal telopeptide of
type I collagen), ¢ NTX (N-
terminal cross-linking
telopeptides of type I collagen),
d BAP (bone-specific alkaline
phosphatase). Boxes shows
median and quartile range
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Table 2 Bone marker levels at baseline and subsequent points according to bone-modifying agent

Bone marker Baseline 1 month 3 months 6 months p value
Zoledronic acid
TRACP-5b (n = 5) 541 (234-1090)* 161 (103-795) 151 (98-945) 233 (102-1070) -
ICTP (n = 31) 5.3 (2.3-37.2) 4.2 (1.9-62.5) 4.85 (1.7-31.8) 4.6 (2.2-21.5) 0.8714
NTX (n = 28) 16.5 (6.1-52.2) 10.75 (7.0-49.5) 9.55 (6.4-56.0) 9.6 (6.8-47.6) 0.0007
BAP (n = 14) 14.15 (6.4-81.3) 12.5 (7.7-137.0) 10.1 (6.1-51.7) 8.0 (4.7-43.5) 0.0011
Denosumab
TRACP-5b (n = 19) 448 (173-1630) 151 (91-508) 125.5 (68-203) 121 (72-248) <0.0001
1ICTP (n = 3) 19.2 (8.5-28.4) 12.0 (11.6-14.4) 12.3 (9.0-12.7) 14.8 (12.0-17.6) -
NTX (n = 0) - - - - -
BAP(n = 3) 23.1 (12.8-40.2) 16.5 (13.0-58.7) 14.5 (9.9-23.6) 14.55 (11.9-17.2) -

TRACP-5b tartrate-resistant acid phosphatase-5b, /CTP pyridinoline cross-linked carboxyterminal telopeptide of type I collagen, NTX N-ter-

minal cross-linking telopeptides of type I collagen, BAP bone-specific alkaline phosphatase

* Median (range)

Discussion

In this study, we showed that serum levels of TRACP-5b,
NTX and BAP, but not of 1CTP of patients with bone
metastases, were significantly reduced during 6 months of
treatment with bone-modifying agents. The levels of
TRACP-5b were found to be elevated in a greater
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proportion of patients (62.5 %) than were NTX (25 %) and
BAP (35.3 %). Interestingly, a reduction in TRACP-5b
occurred within 1 month after the start of treatment and
remained at reduced levels for 6 months. On the other
hand, maximum reduction was not attained until after
3 months for NTX and 6 months for BAP. It has been
reported that urinary NTX at baseline exceeded the normal
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range in 51.1-59.7 % of breast cancer patients with bone
metastases [4, 16, 17]. In addition, according to studies
assessing serum NTX, abnormal NTX at baseline for
patients with bone metastases was found in 24 % [12] and
50 % [15]. According to the findings of our study, eleva-
tion of levels above the upper normal range was observed
most frequently for TRACP-5b than for other markers.
Wada et al. reported that the diagnostic values of TRACP-
5b in breast cancer patients with bone metastases were
91.0 % for specificity, 65.7 % for sensitivity and 83.2 %
for accuracy [27]. In addition, Chao et al. established by
analyzing receiver operator characteristic (ROC) curves
that 4.026 units/L of TRACP-5b for identification of
patients with extensive bone metastases yielded a speci-
ficity of 98 % and a sensitivity of 93 % [28]. These data
appear to suggest that the diagnostic value of TRACP-5b
for breast cancer patients with bone metastases is superior
to that of other bone turnover markers.

The prognostic significance of NTX at baseline as well
as interval changes after treatment has been the subjects of
reports on breast cancer patients with bone metastases
treated with bone-modifying agents [4, 12—17]. The OS of
breast cancer patients with bone metastases was found to
be significantly poorer for patients with higher baseline
TRACP-5b and when a cutoff value was used to delineate
the highest tertile (HR 3.524; p < 0.0001), but OS was
significantly better for those patients who showed a
reduction in serum TRACP-5b after treatments
(p = 0.0015) [29]. Thus, both NTX and TRACP-5b seem
to be clinically valuable as prognostic factors for breast
cancer patients with bone metastases. However, since no
comparative study of the two markers has been reported, it
has remained unknown which marker is superior for pre-
dicting patients’ prognosis.

According to Chung et al.’s report, responders showed a
significant decrease in TRACP-5b after treatment
(»p < 0.0001) [30], which was more prominent in TRACP-
5b than in NTX. In addition, changes in TRACP-5b levels
after treatment were marginally significantly associated
with SRE (HR 0.40; 95 % CI 0.14-1.10; p = 0.076) [31].
It is conceivable that the treatment combines a systemic
therapy, such as chemotherapy or endocrine therapy, with a
bone-modifying agent. Since treatment efficacy was
achieved by such a combination of agents, we could not
evaluate the effect of a single bone-modifying agent by
means of bone turnover markers accurately. The associa-
tion between a decrease of TRCP-5b and clinical response
induced by systemic treatment including chemotherapy or
endocrine therapy is also needed to be investigated in
future studies.

Of the 15 patients with elevated TRACP-5b at baseline,
13 (86.7 %) showed normal levels after only 1 month of
treatment. On the other hand, maximum normalization of

elevated NTX and BAP at baseline was achieved 3 months
(85.7 %) and 6 months (75 %), respectively, after treat-
ment with bone-modifying agents. Thus, the rates of nor-
malization for these bone turnover markers were similar,
but the pattern of reduction varied, and TRACP-5b appears
to reflect the efficacy of bone-modifying agents most
quickly and sensitively. According to two reports, 76 and
81 %, respectively, of patients with elevated urinary NTX
at baseline normalized after 3 months of treatment with
zoledronic acid [4, 17]. Consistent with this finding, in
another study the frequency of 50 % of elevated serum
NTX at baseline was reduced to 32 % after 3 months of
treatment using low or conventional dosage of zoledronic
acid [15]. These data show that normalization of elevated
NTX at baseline was consistently achieved after 3 months
of treatment with bisphosphonate. Barnadas et al., who
evaluated the time course of various bone turnover mark-
ers, demonstrated that the maximum reduction in NTX was
obtained after 9 months [16] and, consistent with our
finding, the mean BAP level after 6 months of treatment
with zoledronic acid (18.4 pg/L) was lower than that after
3 months (24.8 pg/L).

Although they are not conclusive, these data indicate
that reductions in NTX and BAP levels can be obtained
after 3 months of treatment with bone-modifying agents. It
is well established that bone turnover markers increase in
patients with osteoporosis and reduction of these markers is
obtained by treatment with bone-modifying agents [32].
According to previous studies, TRACP-5b has been
decreased by 1-month treatment with denosumab in
patients with osteoporosis [33, 34]. Similar to these reports,
we demonstrate that the reduction in TRACP-5b occurred
very early, that is, within 1 month of treatment for patients
with bone metastases. Since TRACP-5b is a specific mar-
ker of osteoclasts, its serum levels are known to reflect the
number of active systemic osteoclasts. This direct link to
the activity of osteoclasts accounts for the earlier response
seen in TRACP-5b as compared to other bone turnover
markers, which indirectly initiates the process of bone
resorption or bone formation. One limitation of this study is
that we assessed the effects of bone-modifying agents only
in terms of reduction in bone turnover markers. Although
the relationship between reductions in marker levels and
SRE needs to be investigated, this was not feasible in the
present study due to the small number of patients. This
issue should thus be investigated in a future study with a
larger number of patients. The other limitation is that
assessment of the response by patients in term of changes
in levels of TRACP-5b and other markers was not the same
and most of these patients were treated with either deno-
sumab or zoledronic acid, respectively. Although the basis
of these assays is therefore different, we believe the dif-
ferences in the time course for these markers after
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treatment could be determined accurately, irrespective of
bone-modifying agents. However, this point also needs to
be further analyzed.

In conclusion, we showed that baseline values of bone
turnover markers TRACP-5b, NTX and BAP decreased
significantly after treatment with bone-modifying agents
combined with chemotherapy or endocrine therapy, but
that the time course of reduction for these three markers
varied. TRACP-5b appears to reflect the efficacy of bone-
modifying agents most quickly and sensitively, possibly
due to its direct link to the number and activity of osteo-
clasts. These findings provide evidence of the usefulness of
TRACP-5b when the efficacy of various bone-modifying
agents is being considered in clinical practice.
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